The aim was to assess the diagnostic yield of conventional bronchoscopic modalities in nonresolving pulmonary consolidation cases.
Introduction
Pulmonary consolidation is a nonspecific finding which is commonly encountered in clinical practice. Consolidation could represent fluid, inflammatory debris, aspirated material, blood, proteinaceous materials, or malignant cells filling the alveolar space [1] . Approximately 15% of inpatient pulmonary consultations are due to incomplete resolution of pneumonic consolidations despite treatment [2] .
In the presence of respiratory symptoms such as cough and sputum production a common practice of many pulmonologists is to treat for bacterial pneumonia and then to follow the patient's response. Radiological resolution of the pneumonic consolidation usually lags behind the clinical and biological response; however, persistence of pulmonary consolidation after 4 weeks of pneumonia-like syndrome defines the 'nonresolving pneumonia' [3, 4] . It has been estimated that between 10 and 25% of patients diagnosed with communityacquired pneumonia do not resolve within the anticipated time [5] .
In fact, up to 20% of these patients will be found to have diseases other than community-acquired pneumonia upon further evaluations [6, 7] . For this reason a 'nonresolving pneumonia' can be considered an umbrella term which includes myriads of diagnoses such as noninfectious pneumonias like organizing pneumonia, sarcoidosis, lymphomas, or lung cancer.
There is no guideline or an agreed upon diagnostic algorithm to tackle this clinical problem. Furthermore, the role of the flexible bronchoscope and its sampling tools in cases of nonresolving pulmonary consolidation is not clear, especially in the absence of endobronchial lesions or mediastinal lymph adenopathy on a high-resolution chest computed tomography (CT). Many bronchoscopists obtain bronchial wash from the affected segments and
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decide not to take biopsies in the absence of a visible endobronchial lesion. Transbronchial biopsies (TBB) are judged to have low diagnostic yield in parenchymal lung disease, carrying high risk of bleeding and pneumothoraces.
In this prospective study, we examine the diagnostic yield of bronchial wash combined with TBB in cases of 'nonresolving pneumonia' which have no endobronchial obstruction.
Materials and methods

Study object
The main purpose of this study is to investigate the diagnostic yield of conventional bronchoscopic modalities especially the TBB in cases of nonresolving pulmonary consolidation that have no endobronchial lesion during bronchoscopic inspection of the airways.
Ethics
All the recruited participants provided written consents.
Study participants
We evaluated all patients referred to the Pulmonary Department at the Cairo University Hospital (Kasr Al Ainy Hospital), between the 1 November 2013 and 30 April 2014 complaining of cough, sputum production, with or without fever and consolidation on chest radiography. We included those who have persistent consolidation after 4 weeks in spite of antibiotic therapy for a minimum of 10 days.
Exclusion criteria were:
(1) Patients who refused to provide consent.
(2) Patients with positive sputum for acid fast bacilli smear. 
Study design
This is a prospective study where all patients fulfilled the inclusion criteria were being evaluated at different stages as the following.
Preprocedure evaluation
(1) Detailed medical history and examination were performed. Medical efforts were exhausted in order to identify the cause of pulmonary consolidation. Patients were evaluated for comorbidities. A detailed drug history was obtained including antibiotic history. Patients were subjected to full clinical examination.
(2) Blood samples were drawn for complete blood count, serum sodium, serum potassium, liver and renal profile, and coagulation profile. Screening of autoantibodies was requested only upon clinical suspicion. (3) Chest CT with or without contrast was performed for all patients. (4) The TBB and bronchial washing site were planned based on chest CT localization of the targeted consolidation.
Procedure
All procedures were performed using a video bronchoscope (Ymm-0025; Pentax Medical Systems, Tokyo, Japan). The nasal route was the standard in all the procedures. Lidocaine 2% was used as local anesthesia in 'spray as you go' method. A complete endobronchial inspection of all segments of both lungs was carried out to exclude endobronchial abnormalities. Bronchial washing was obtained after wedging the bronchoscope in the subsegmental bronchus at the desired location. This was followed by 20 ml of normal saline infusion, and maintaining wedge position, apply gentle suction. Thereafter, a minimal of four TBB were obtained. Bleeding after TBB was controlled using application of local suction, or instillation of 20 ml of 1 : 20 000 epinephrines.
Bronchial wash samples were sent for culture and sensitivity, Ziehl-Neelsen stain for acid fast bacilli and for cell count and differential. All the transbronchial lung biopsies were sent to the University Histopathology Department.
Postprocedure
All cases were scheduled for follow-up at the outpatient pulmonology clinic. Undiagnosed cases were subjected to further investigations in form of ultrasound (US)guided, CT-guided, or thoracoscopic lung biopsies.
Assessment of complications
Chest radiographs were performed after TBB only if the patient complained of chest pain or he developed hypoxia to rule out pneumothorax. Significant bleeding is defined as bleeding that causes hemodynamic instability, uncontrolled hypoxemia, or requires either intubation or ICU admission.
Statistical analysis
The precoded data were entered using 'Microsoft Office Excel-2010 Software' (Redmond, Washington, USA) for windows, and were statistically analyzed by the statistical package for the social sciences Software program, version 21 (SPSS; SPSS Inc., Chicago, Illinois, USA). Continuous data were presented as the mean±SD if they showed a normal distribution or as the median and range if they showed a skewed distribution. Categorical data were presented as the frequency and percentage. Sensitivity, specificity, positive predictive value, negative predictive value (NPV), and diagnostic accuracy were calculated.
Results
After applying the inclusion/exclusion criteria to all the patients referred to our hospital between the 1 November 2013 and 30 April 2014 only 30 patients were included in the study. The result of the study is summarized in a flowchart diagram (Fig. 1); whereas Table 1 summarized the baseline characteristic of the studied group.
The mean age of the included patients was 49.7±15.1, ranging from 19 to 69 years. The mean delay between the start of complains to the final diagnosis was 8.6±11.8, ranging from 1 to 60 months. Cough followed by sputum production were the most common reported symptoms with 66.6 and 46%, respectively. Six (20%) patients complained of shortness of breath, whereas only four (13.3%) patients were complaining of hemoptysis. Of the patients, 63.3% were nonsmokers; however, 60% of them had chronic comorbidities. Regarding the consolidations distribution, the majority of the patients (66.7%) had unilateral consolidation and 70% of the patients had lower lobe involvement, whereas the upper lobe and the middle lobe were involved in 13 (43.3%) cases for each.
Visual bronchoscopic findings
Visual inspections of the airways were rarely helpful as 24 (80%) patients had bronchoscopically normal airways. Nonspecific bronchial abnormalities were described in six (20%) patients as follows: five patients had airway edema, congestion, and inflamed mucosa and only one had extra luminal compression (3.3%).
Figure 1
Summary of results in flowchart diagram. TBB confirmed the bronchial wash results in five cases, and an additional 15 cases were diagnosed (two additional infective pneumonia and 13 cases of noninfectious diseases).
Final diagnoses
All patients with alveolar proteinosis, alveolar hemorrhage had been diagnosed by TBB whereas one out of the two cases of sarcoidosis was diagnosed by TBB. The final workup of the two patients with alveolar hemorrhage showed that microscopic polyangitis and focal segmental glomerulosclerosis were the underlying diseases.
Complications
The TBB complications rate was 13.3%. Three (10%) patients had pneumothorax; however, only one patient required chest tube insertion whereas the remaining two were treated conservatively. Interestingly, all the patients who had alveolar proteinosis had pneumothorax after the TBB. One (3.3%) patient had significant bleeding which required intubation and ICU admission. No mortalities occurred due to the procedure. No complications or mortality occurred during US-guided, CT-guided, or during thoracoscopic lung biopsies.
Discussion
Our study showed that the nonresolving pneumonia occur in more than 1/3 of the cases due to continuous bacterial infection and in another 1/3 of the cases due to the underlying malignancy. All the cases of bacterial pneumonia with nonresolving consolidation were due to Gram-negative organism, possible due to poor coverage with the current recommended empirical antimicrobial in community-acquired pneumonia cases (aminopenicillin/β-lactamase inhibitor±macrolide) [8] .
The study showed that the delay between the start of the symptoms to final diagnosis was unacceptably long (mean delay were >8 months). In view of the high prevalence of malignancy in these patients a more effective diagnostic approach and possibly a rapid access to bronchoscopy is needed to allow for timely diagnosis. The majority (60%) of our patients had multiple comorbidities which might have contributed to the delay in diagnosis. Bronchoscopy is a useful tool to investigate cases of nonresolving pneumonia; however, inspecting the airway were rarely informative (80% normal bronchoscopic findings). Moreover, the common practice of performing a bronchial wash alone has low sensitivity (36%) and specificity (0%), and by using the TBB bronchoscopists can increase the sensitivity of the bronchoscopy to 76.6%. Combining both the techniques can effectively rule out bacterial infection as a cause for the nonresolving consolidation (NPV=100%). In our study, five cases who had a positive wash culture ended with noninfectious etiology for their lung consolidation, which highlight the significant contributions of TBB in increasing the positive predictive value of the bronchoscopy. Table 3 summarizes the diagnostic yield of the different modalities.
The complication rate after TBB was 13.3%, mainly due to pneumothorax. Two out of the three pneumothorax occurred in patients diagnosed with alveolar proteinosis, that is, 100% of alveolar proteinosis had pneumothorax after TBB. From the study, we can suggest bronchioalveolar lavage alone as an initial step of investigation if alveolar proteinosis is suspected based on chest CT images and lavage return. In majority of the cases, pneumothorax was managed conservatively. Importantly, invasive tests are warranted in all bronchoscopically nonconclusive cases, as up to 85.7% of these cases turned to have malignancy.
We acknowledge that not using a transbronchial needle aspiration on cases which have mediastinal adenopathy (20%) was a major limitation in our study.
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